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(57) A method is provided for assembling a rotor of
a gas turbine engine. During this method, a rotor disk
(24) is provided that includes an axis (22; 102) and a
plurality of slots (60) arranged circumferentially about the
axis (22; 102) in an array. A plurality of rotor blades (26)
are provided that include a plurality of airfoils (64) and a
plurality of attachments (66). Each of the rotor blades
(26) includes a respective one of the airfoils (64) and a
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respective one of the attachments (66). Each of the at-
tachments (66) is inserted partially into a respective one
of the slots (60). The rotor blades (26) are rested on top
of a blade support structure (106). The blade support
structure (106) is lowered axially downward along the
rotor disk (24) to simultaneously seat the attachments
(66) into the slots.
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Description
TECHNICAL FIELD

[0001] This disclosure (invention) relates generally to
a gas turbine engine and, more particularly, to methods
and tools for assembling a bladed rotor for the gas turbine
engine.

BACKGROUND INFORMATION

[0002] A gas turbine engine includes multiple bladed
rotors such as, but not limited to, afan rotor, acompressor
rotor and a turbine rotor. Each bladed rotor may include
a rotor disk and a plurality of rotor blades mechanically
attached to the rotor disk. The bladed rotor may also in-
clude feather seals for sealing inter-platform gaps be-
tween circumferentially neighboring rotor blades. Vari-
ous methods and tools are known in the art for assem-
bling a bladed rotor. While these known assembly meth-
ods and tools have various advantages, there is still room
in the art for improvement.

SUMMARY

[0003] Accordingto an aspectof the invention, a meth-
od is provided for assembling a rotor of a gas turbine
engine. During this method, a rotor disk is provided that
includes an axis and a plurality of slots arranged circum-
ferentially about the axis in an array. A plurality of rotor
blades are provided that include a plurality of airfoils and
a plurality of attachments. Each of the rotor blades in-
cludes a respective one of the airfoils and a respective
one of the attachments. Each of the attachments is in-
serted partially into a respective one of the slots. The
rotor blades are rested on top of a blade support struc-
ture. The blade support structure is lowered axially down-
ward along the rotor disk to simultaneously seat the at-
tachments into the slots.

[0004] According to another aspect of the invention,
another method is provided for assembling a rotor of a
gas turbine engine. During this method, a rotor disk, a
plurality of rotor blades and a plurality of seal elements
are provided. The rotor disk includes an axis and a plu-
rality of slots arranged circumferentially about the axis in
an array. The rotor blades include a plurality of airfoils
and a plurality of attachments. Each of the rotor blades
includes a respective one of the airfoils and a respective
one of the attachments. Each of the attachments is in-
serted partially into a respective one of the slots. Each
of the seal elements is arranged between a respective
circumferentially neighboring pair of the rotor blades. The
attachments are simultaneously seated into the slots us-
ing a force of gravity alone to push the attachments into
the slots.

[0005] According to still another aspect of the inven-
tion, a fixture is provided for assembling a rotor of a gas
turbine engine. This assembly fixture includes a disk sup-
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port structure and a blade support structure. The disk
support structure is configured to support a rotor disk of
the rotor during assembly of the rotor. The disk support
structure includes a base, a radial locator and an axial
locator circumscribing the radial locator. The radial loca-
tor projects axially along an axis out from a first side of
the base. The radial locator is configured to radially locate
and engage the rotor disk on the disk support structure.
The axial locator projects axially along the axis out from
the first side of the base. The axial locator is configured
to axially locate and engage the rotor disk on the disk
support structure. The blade support structure is config-
ured to support a plurality of rotor blades of the rotor
during the assembly of the rotor. The blade support struc-
ture circumscribes and is slidable against an outer pe-
riphery of the disk support structure. The blade support
structure extends axially along the axis to a planar an-
nular surface configured to axially locate and engage the
rotor blades while attachments of the rotor blades are
seated in slots in the rotor disk.

[0006] The following optional features may be applied
to any of the above aspects of the invention.

[0007] The assembly fixture may also include a guide
connected to the disk support structure and projecting
radially into a slot in the blade support structure. The slot
may extend within the blade support structure along a
longitudinal trajectory. A first section of the longitudinal
trajectory may have an axial component and a circum-
ferential component. A second section of the longitudinal
trajectory may have a circumferential component.
[0008] The assembly fixture may also include a lock
configured to rotatably fix the blade support structure to
the disk support structure.

[0009] The rotor blades may also include a plurality of
platforms. Each of the rotor blades may also include a
respective one of the platforms. Axial edges of the plat-
forms may define a reference plane while the attach-
ments are seated into the slots.

[0010] The method may also include resting the axial
edges of the platforms on top of a planar annular surface
of a blade support structure as the attachments are seat-
ed into the slots.

[0011] Gravity may maintain the rotor blades resting
on top of the blade support structure as the blade support
structure is lowered axially downward along the rotor
disk.

[0012] The method may also include: providing a plu-
rality of seal elements; and inserting each of the seal
elements into a respective cavity formed by and between
a respective circumferentially neighboring pair of the ro-
tor blades.

[0013] Each of the seal elements may be inserted into
the respective cavity prior to the lowering of the blade
support structure.

[0014] Each of the seal elements may be inserted into
the respective cavity subsequent to the inserting of each
of the attachments partially into the respective one of the
slots.
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[0015] The seal elements may include a first seal ele-
ment. The first seal element may include a base and a
plurality of tabs connected to and projecting out from the
base.

[0016] Each of the tabs may project radially inward
from the base to a distal tab end.

[0017] The rotor disk may also include a plurality of
lugs. Each of the slots may be formed by and between
a respective circumferentially neighboring pair of the
lugs. A first of the lugs may project radially outward to a
distal lug end including a first end surface and a second
end surface recessed radially inward from the first end
surface. Subsequent to the attachments being simulta-
neously seated into the slots, a first of the tabs may be
operable to radially engage the first end surface and a
second of the tabs may be operable to radially engage
the second end surface.

[0018] The rotor blades may be rested on a planar an-
nular surface of the blade support structure.

[0019] The rotor blades may also include a plurality of
platforms. Each of the rotor blades may include a respec-
tive one of the platforms. The resting of the rotor blades
may include resting axial edges of the platforms on top
of the planar annular surface.

[0020] The method may also include rotating the blade
support structure about the axis while the blade support
structure is lowered axially downward along the rotor
disk.

[0021] The method may also include disposing the ro-
tor disk on top of a disk support structure. The blade
support structure may be mated with and circumscribe
the disk support structure.

[0022] The method may also include lifting the rotor off
of an assembly fixture. The rotor may include the rotor
disk and the rotor blades. The assembly fixture may in-
clude the blade support structure.

[0023] The rotor disk may include a turbine disk of the
gas turbine engine. The rotor blades may include a plu-
rality of turbine blades of the gas turbine engine.

[0024] The invention may include any one or more of
the individual features disclosed above and/or below
alone or in any combination thereof.

[0025] The foregoing features and the operation of the
invention will become more apparent in light of the fol-
lowing description and the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
[0026]

FIG. 1is a schematic illustration of a bladed rotor for
a gas turbine engine.

FIG. 2is a partial side sectional schematicillustration
of a rotor disk.

FIG. 3 is a partial cross-sectional schematic illustra-
tion of the bladed rotor.

FIG. 4is a partial side sectional schematicillustration
of the bladed rotor.

10

15

20

25

30

35

40

45

50

55

FIG. 5A is a partial side sectional schematic illustra-
tion of the bladed rotor with a seal element at an
operational position.

FIG. 5B is a partial side sectional schematic illustra-
tion of the bladed rotor with a seal element at a non-
operational position.

FIG. 6 is a partial perspective illustration of the blad-
ed rotor, where the bladed rotor is shown with a sin-
gle rotor blade and a single seal element for ease of
illustration.

FIG. 7 is a perspective illustration of a fixture for as-
sembling a bladed rotor, where the bladed rotor is
shown with a single rotor blade for ease of illustration,
and where a blade support structure of the assembly
fixture is depicted as semi-transparent.

FIG. 8 is a perspective illustration of a disk support
structure for the assembly fixture.

FIG. 9 is a perspective illustration of the blade sup-
port structure shown in semi-transparent form.
FIG. 10 is a flow diagram of a method for assembling
a bladed rotor.

FIG. 11 is a side sectional illustration of the rotor disk
arranged with the assembly fixture.

FIG. 12 is a partial side sectional illustration of the
rotor disk and each rotor blade arranged with the
assembly fixture.

FIG. 13 is a partial side illustration of the blade sup-
port structure at a slot, where a guide has moved
from a first (dashed line) position to a second (solid
line) position.

FIG. 14 is a side sectional schematic illustration of
a gas turbine engine with which the bladed rotor may
be arranged.

DETAILED DESCRIPTION

[0027] FIG. 1 schematically illustrates a bladed rotor
20 for a gas turbine engine. This bladed rotor 20 is rotat-
able about a rotational axis 22, which rotational axis 22
is also an axial centerline of the bladed rotor 20. The
bladed rotor 20 of FIG. 1 includes a rotor disk 24 and a
plurality of rotor blades 26 attached to and arranged cir-
cumferentially around the rotor disk 24 in a circular array.
The bladed rotor 20 of FIG. 1 also includes a plurality of
seal elements 28; e.g., feather seals.

[0028] Referring to FIG. 2, the rotor disk 24 extends
radially between and to a radial inner side 30 of the rotor
disk 24 and a radial outer side 32 of the rotor disk 24.
The rotor disk 24 extends axially along the axis 22 be-
tween and to an axial first (e.g., upstream) side 34 of the
rotor disk 24 and an axial second (e.g., downstream) side
36 of the rotor disk 24. Referring to FIG. 1, the rotor disk
24 extends circumferentially around the axis 22 providing
the rotor disk 24 with an annular body. The rotor disk 24
includes a disk hub 38, a disk web 40 and a disk rim 42.
[0029] The disk hub 38 is disposed at the disk inner
side 30. The disk hub 38 forms a bore 44 through the
rotor disk 24 along the axis 22 between the disk first side
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34 and the disk second side 36; see also FIG. 2.
[0030] The disk web 40 is disposed radially between
and connected to (e.g., formed integral with) the disk hub
38 and the disk rim 42. The disk web 40 of FIG. 1 extends
radially out from the disk hub 38 to the disk rim 42.
[0031] The disk rim 42 is disposed at the disk outer
side 32. The disk rim 42 forms a radial outer periphery
of the rotor disk 24. The disk rim 42 includes an annular
rim base 46 and a plurality of rotor disk lugs 48 connected
to (e.g., formed integral with) the rim base 46. The disk
lugs 48 are arranged circumferentially about the axis 22
in a circular array. Referring to FIG. 2, each of the disk
lugs 48 projects radially out from the rim base 46 to a
radial outer distal lug end 50 of the respective disk lug
48. This distal lug end 50 may have a stepped geometry.
The distal lug end 50 of FIG. 2, for example, includes a
first end surface 52 and a second end surface 54 re-
cessed radially inward from the first end surface 52. Each
of the disk lugs 48 extends axially along the axis 22 be-
tween and to the disk first side 34 and the disk second
side 36. Referring to FIG. 3, each of the disk lugs 48
extends circumferentially about the axis 22 between and
to a circumferential first side 56 of the respective disk lug
48 and a circumferential second side 58 of the respective
disk lug 48.

[0032] The disk lugs 48 are configured to provide the
rotor disk 24 with a plurality of retaining slots 60. Each
of the retaining slots 60 is formed by and extends circum-
ferentially between a respective circumferentially neigh-
boring (e.g., adjacent) pair of the disk lugs 48. Each re-
taining slot 60 of FIG. 3, for example, extends circumfer-
entially within the rotor disk 24 and its disk rim 42 between
and to the lug first side 56 of a first of the circumferentially
neighboring pair of the disk lugs 48 and the lug second
side 58 of a second of the circumferentially neighboring
pair of the disk lugs 48. Referring to FIG. 2, each retaining
slot 60 projects radially into the rotor disk 24 and its disk
rim 42 from the disk outer side 32 to a bottom 62 of the
respective retaining slot 60. Each of the retaining slots
60 may extend axially through the rotor disk 24 and its
disk rim 42 along the axis 22 between and to the disk
first side 34 and the disk second side 36. Examples of
the retaining slots 60 include, but are not limited to, a
firtree slot and a dovetail slot.

[0033] Referring to FIG. 4, each of the rotor blades 26
includes a blade airfoil 64 and a blade attachment 66;
e.g., a blade root. Each of the rotor blades 26 may also
include a blade platform 68 radially between and con-
nected to (e.g., formed integral with) the blade airfoil 64
and the blade attachment 66.

[0034] The blade airfoil 64 projects spanwise along a
span line (e.g., radially away from the axis 22) from the
blade platform 68 to a (e.g., unshrouded) tip 70 of the
blade airfoil 64. The blade airfoil 64 extends chordwise
along a chord line (e.g., generally axially along the axis
22) between and to a leading edge 72 of the blade airfoil
64 and a trailing edge 74 of the blade airfoil 64. Referring
to FIG. 3, the blade airfoil 64 extends laterally between
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and to a first (e.g., concave, pressure) side 76 of the
blade airfoil 64 and a second (e.g., convex, suction) side
78 of the blade airfoil 64. Referring to FIGS. 3 and 4, the
airfoil first side 76 and the airfoil second side 78 each
extend chordwise to and meet at the airfoil leading edge
72 and the airfoil trailing edge 74. The airfoil first side 76
and the airfoil second side 78 also extend spanwise from
the blade platform 68 to and may meet at the airfoil tip 70.
[0035] The blade attachment 66 of FIG. 4 extends ax-
ially along the axis 22 between and to an axial first (e.g.,
upstream) end 80 of the blade attachment 66 and an
axial second (e.g., downstream) end 82 of the blade at-
tachment 66. The blade attachment 66 projects radially
inward towards the axis 22 from the blade platform 68 to
a radial inner distal attachment end 84 of the blade at-
tachment 66. Referring to FIG. 3, the blade attachment
66 extends circumferentially between and to a circum-
ferential first side 86 of the blade attachment 66 and a
circumferential second side 88 of the blade attachment
66. The attachment first side 86 and the attachment sec-
ond side 88 are contoured to mate with contours of a
respective one of the retaining slots 60. The blade at-
tachment 66, for example, may be configured as a blade
root such as, but not limited to, a firtree root or a dovetail
root. With such a configuration, each blade attachment
66 and its blade root may be seated within the respective
retaining slot 60 to mount the respective rotor blade 26
to the rotor disk 24. It should be noted however, while
the blade attachment 66 may consist of (e.g., only in-
clude) the blade root, it is contemplated the blade attach-
ment 66 may also include a neck between the blade root
and the blade platform 68 in other embodiments.
[0036] Referring to FIG. 3, the blade attachment 66
includes one or more pockets 90 and 92. The first pocket
90 is disposed on the attachment second side 88. The
second pocket 92 is disposed on the attachment first side
86. Each of these pockets 90 and 92 projects circumfer-
entially into the blade attachment 66 from the respective
attachment side 88, 86 to a distal pocket end. Each of
the pockets 90 and 92 extends radially into the rotor blade
26 to a radial outer pocket side; e.g., formed by a radial
inner side of the blade platform 68. Referring to FIG. 4,
each of the pockets 90 and 92 extends axially within the
blade attachment 66 between and to an axial first pocket
end and an axial second pocket end.

[0037] Referring to FIGS. 3 and 4, each of the seal
elements 28 is disposed in a seal element cavity 94
formed by and circumferentially between a respective
circumferentially neighboring pair of the rotor blades 26.
This cavity 94 may include the first pocket 90 in a first of
the circumferentially neighboring pair of the rotor blades
26 and the second pocket 92 in a second of the circum-
ferentially neighboring pair of the rotor blades 26. Refer-
ring to FIG. 5A, during gas turbine engine operation
and/or while the rotor disk 24 is rotating about its axis 22,
each seal element 28 may be forced radially outward and
radially engage (e.g., contact) undersides of the respec-
tive blade platforms 68. Each seal element 28 may there-
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by seal a circumferential gap between a respective cir-
cumferentially neighboring pair of the blade platforms 68.
However, referring to FIG. 5B, each seal element 28 may
rest against the distal lug end 50 of a respective disk lug
48 when the gas turbine engine is nonoperational and/or
while the rotor disk 24 is stationary.

[0038] Referring to FIG. 6, each of the seal elements
28 may include an element base 96 and one or more
element tabs 98 (e.g., 98A-D). Each of the element tabs
98 is connectedto (e.g., formed integral with) the element
base 96. Each of the element tabs 98 projects (e.g., ra-
dially inward towards the axis 22) out from the element
base 96 to a distal tab end of the respective element tab
98. The first end tab 98A may be arranged at an axial
first (e.g., upstream) end of the respective seal element
28. The second end tab 98B may be arranged at an axial
second (e.g., downstream) end of the respective seal
element 28 that is axially opposite the element first end.
The first side tab(s) 98C are arranged along a circumfer-
ential first side of the respective seal element 28. The
second side tab(s) 98D are arranged along a circumfer-
ential second side of the respective seal element 28. The
element tabs 98 may thereby provide each seal element
28 with a bumpy, undulating radial inner geometry. Fur-
thermore, while the rotor disk 24 is stationary, one or
more of the element tabs 98 (e.g., 98B, 98C, 98D) may
radially engage (e.g., contact) the respective first end
surface 52 and one or more of the element tabs 98 (e.g.,
98A, 98C, 98D) may radially engage the respective sec-
ond end surface 54. With such a configuration, it may be
difficult to insert the seal elements 28 into the cavities 94
during bladed rotor assembly, particularly where the seal
element 28 and any one or more of its element tabs 98
slide along the distal lug ends 50 and its end surfaces 52
and 54.

[0039] FIG. 7 illustrates a fixture 100 for use in assem-
bling a bladed rotor such as, but not limited to, the bladed
rotor 20 (shown in disassembled form and with one rotor
blade 26 in FIG. 7 for ease of illustration). This assembly
fixture 100 has a centerline axis 102, which centerline
axis 102 may be coaxial with the rotational axis 22 during
assembly of the bladed rotor 20. The centerline axis 102
of FIG. 7 is arranged vertically with respect to gravity for
assembly of the bladed rotor 20 such that the centerline
axis 102 is perpendicular to a horizon line. The assembly
fixture 100 of FIG. 7 includes a stationary disk support
structure 104 and a movable blade support structure 106.
[0040] Referring to FIG. 8, the disk support structure
104 extends axially along the axis 22, 102 between and
to an axial bottom side 108 of the disk support structure
104 and an axial top side 110 of the disk support structure
104. The disk support structure 104 extends radially out
from the axis 22, 102 to a radial outer side 112 of the disk
support structure 104. The disk support structure 104
extends circumferentially around the axis 22, 102 provid-
ing the disk support structure 104 with a full-hoop body.
The disk support structure 104 includes a structure base
114, a radial locator 116 and an axial locator 118. The
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disk support structure 104 may also include a (e.g., re-
movable) bushing 120 (e.g., a spacer, an adaptor, etc.)
mounted on the radial locator 116.

[0041] The structure base 114 is disposed at the struc-
ture bottom side 108. The structure base 114, for exam-
ple, extends axially along the axis 22, 102 from the struc-
ture bottom side 108 to a planar, annular top surface 122
ofthe structure base 114. The structure base 114 projects
radially out from the axis 22, 102 to a cylindrical outer
surface 124 of the disk support structure 104 at the struc-
ture outer side 112.

[0042] The radial locator 116 is connected to (e.g.,
formed integral with) the structure base 114 and disposed
at the structure top side 110. The radial locator 116, for
example, projects axially along the axis 22, 102 out from
the structure base 114 to the structure top side 110. The
radial locator 116 projects radially out from the axis 22,
102 to a cylindrical outer surface 126 of the radial locator
116, which surface 126 is covered by the bushing 120 in
FIG. 8. The radial locator outer surface 126 extends ax-
ially from the structure base top surface 122 to the struc-
ture top side 110.

[0043] The axial locator 118 is connected to (e.g.,
formed integral with) the structure base 114 and disposed
at (or towards) the structure top side 110. The axial lo-
cator 118, for example, projects axially along the axis 22,
102 out from the structure base 114 to an annular, planar
top surface 128 of the axial locator 118. The axial locator
top surface 128 may be axially recessed inward from the
structure top side 110 by an axial distance such that an
axial height of the radial locator 116 is greater than an
axial height of the axial locator 118; however, the present
disclosure is not limited to such an exemplary dimension-
al relationship. The axial locator 118 extends radially be-
tween and to a cylindrical inner surface 130 of the axial
locator 118 and the structure outer surface 124. The axial
locator inner surface 130 extends axially from the struc-
ture base top surface 122 to the axial locator top surface
128. The axial locator top surface 128 extends radially
between and to the axial locator inner surface 130 and
the structure outer surface 124.

[0044] Referringto FIG. 9, the blade support structure
106 includes a tubular sidewall 132 and one or more han-
dles 134. The structure sidewall 132 extends axially
along the axis 22, 102 between and to an axial bottom
side 136 of the blade support structure 106 and an axial
top side 138 of the blade support structure 106. The struc-
ture sidewall 132 extends radially between and to a radial
inner side 140 of the blade support structure 106 and a
radial outer side 142 of the structure sidewall 132. The
structure sidewall 132 extends circumferentially around
the axis 22, 102 providing the structure sidewall 132 with
a tubular body.

[0045] The structure sidewall 132 of FIG. 9 has a cy-
lindrical inner surface 144 at the structure inner side 140
and an annular, planar top surface 146 at the structure
top side 138. The structure sidewall 132 also includes
one or more slots 148 (e.g., guide tracks) arranged cir-



9 EP 4 332 349 A1 10

cumferentially about the axis 22, 102. Each of the slots
148 extends radially through the structure sidewall 132
between the structure inner side 140 and the sidewall
outer side 142. Each of the slots 148 of FIG. 9 extends
longitudinally within the structure sidewall 132 along a
longitudinal trajectory 150 (e.g., centerline) of the respec-
tive slot 148; see also FIG. 13. A first (e.g., top) section
152 of the longitudinal trajectory 150 (e.g., only) has an
axial component and a circumferential component,
where the circumferential component is greater than the
axial component. A second (e.g., bottom) section 154 of
the longitudinal trajectory 150 (e.g., only) has an axial
component. An axial length of the second section 154
may be smaller than an axial length of the first section
152.

[0046] The handles 134 are disposed on opposing ra-
dial sides of the structure sidewall 132. Each of the han-
dles 134 is connected (e.g., mechanically fastened) to
the structure sidewall 132. Each of the handles 134
projects radially out from the sidewall outer side 142.
[0047] Referring to FIG. 7, the blade support structure
106 is mated with the disk support structure 104. The
disk support structure 104, forexample, is inserted axially
into a bore of the blade support structure 106. The blade
supportstructure 106 and its structure sidewall 132 there-
by circumscribe the disk support structure 104. The side-
wallinner surface 144 (see FIG. 9) radially engages (e.qg.,
contacts) and is moveable against (e.g., slidable along)
the structure outer surface 124 (see FIG. 8); see also
FIG. 11. A plurality of guides 156 (e.g., posts, fasteners,
pins, etc.) are attached to the disk support structure 104;
see also FIG. 8. Each of these guides 156 projects radi-
ally out from the structure outer surface 124 (see FIG. 8)
into a respective one of the slots 148. One or more locks
158 (e.g., fastener, threaded knobs, plungers, etc.) may
be provided, where each lock 158 is configured to rota-
tionally fix the blade support structure 106 to the disk
support structure 104. A post of each lock 158, for ex-
ample, may extend through a lock aperture in the struc-
ture sidewall 132 and project into a threaded aperture in
the disk support structure 104. However, these locks 158
may be removed (e.g., pulled out, etc.) for seating the
blade attachments 66 into the retaining slots 60, for ex-
ample, as described below.

[0048] FIG. 10 is a flow diagram of a method 1000 for
assembling a bladed rotor using an assembly fixture. For
ease of description, the assembly method 1000 of FIG.
10 is described with respect to the bladed rotor 20 and
the assembily fixture 100. The assembly method 1000 of
the present disclosure, however, is not limited to assem-
bling such an exemplary bladed rotor and/or using such
an exemplary assembly fixture.

[0049] In step 1002, components of the bladed rotor
20 to be assembled are provided. These rotor compo-
nents include, but are not limited to, the rotor disk 24, the
rotor blades 26 and the seal elements 28.

[0050] In step 1004, the rotor disk 24 is arranged with
the assembly fixture 100. For example, referring to FIG.
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11, the rotor disk 24 is disposed on top of the disk support
structure 104. The radial locator 116 may project axially
into the disk bore 44. The radial locator outer surface 126
may radially engage the disk hub 38 (e.g., directly / con-
tact, or indirectly through the bushing 120). The radial
locator 116 may thereby radially locate the rotor disk 24
on the disk support structure 104. The disk hub 38 may
axially engage (e.g., contact) the structure base top sur-
face 122, and the disk rim 42 may axially engage (e.g.,
contact) the axial locator top surface 128. The top sur-
face(s) 122 and/or 128 may thereby axially locate the
rotor disk 24 with the disk support structure 104.

[0051] In step 1006, the rotor blades 26 are arranged
with the assembly fixture 100. For example, while the
blade support structure 106 is in a first (e.g., raised) po-
sition of FIG. 12 (see also FIG. 7), each of the blade
attachments 66 is inserted vertically downward relative
to gravity (e.g., axially along the axis 22, 102) partially
into a respective one of the retaining slots 60. At this
partially inserted position, an axial (e.g., leading) edge
160 of each of the blade platforms 68 axially engages
(e.g., contacts) and rests on top of the top surface 146.
All of the blade platforms 68 and, thus, all of the rotor
blades 26 may thereby be located at a common axial
position along the axis 22, 102 and the axial edges 160
of the blade platforms 68 may define a horizontal refer-
ence plane perpendicular to the axis 22, 102; e.g., the
plane of the top surface 146.

[0052] Instep 1008, the seal elements 28 are arranged
with the rotor blades 26. For example, referring to FIG.
3, each of the seal elements 28 is inserted into a respec-
tive one of the seal element cavities 94. Within the cavity
94, the geometries of the pockets 90 and 92 and/or the
geometry of the respective seal element 28 may allow at
least a portion of that seal element 28 to lean radially
outward towards (e.g., against) the respective blade plat-
forms 68 while the rotor disk 24 is in its horizontal position
on the disk support structure 104.

[0053] In step 1010, the blade attachments 66 are si-
multaneously seated in the retaining slots 60. For exam-
ple, referring to FIG. 13, the blade support structure 106
may be rotated about the axis 22, 102 (relative to the disk
support structure 104 of FIG. 2) such that each guide 156
moves within the respective slot 148 from a first (e.g.,
bottom) position 162A to a second (e.g., top) position
162B. The movement of each guide 156 within the re-
spective slot 148 movement the rotational movement of
the blade support structure 106 about the axis 22, 102
into axial translation of the blade support structure 106
in a vertically downward direction along the axis 22, 102
and the rotor disk 24. This vertical downward movement
of the blade support structure 106 facilitates controlled
vertical downward movement of the blade attachments
66 into the retaining slots 60 until each of the blade at-
tachments 66 is (e.g., completely) seated within its re-
spective retaining slot 60; e.g., see FIG. 4. Note, while
the vertical downward movement of the blade support
structure 106 controls the vertical downward movement
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of the rotor blades 26 and their blade attachments 66,
the rotor blades 26 may (e.g., only) be pushed vertically
downward by a force of gravity.

[0054] In step 1012, the bladed rotor 20 and its com-
ponents 24, 26 and 28 are removed from the assembly
fixture 100. The bladed rotor 20, for example, may be
lifted vertically off of the assembly fixture 100 for subse-
quent assembly steps and/or installation within the gas
turbine engine.

[0055] While the assembly method 1000 is described
with respect to assembling the rotor blades 26 and the
seal elements 28 with the rotor disk 24, it is contemplated
this assembly method 1000 may also be used to assem-
ble rotor blades with a rotor disk without also simultane-
ously installing the seal elements 28.

[0056] Insome embodiments, the bladed rotor 20 may
be configured as a turbine rotor for a turbine section of
the gas turbine engine. However, in other embodiments,
the bladed rotor 20 may be configured as a compressor
rotor for a compressor section of the gas turbine engine.
In still other embodiments, the bladed rotor 20 may be
configured as a fan rotor for a fan section of the gas tur-
bine engine.

[0057] FIG. 14 illustrates an example of the gas turbine
engine which may include the bladed rotor 20 described
above. This gas turbine engine of FIG. 14 is configured
as a turbofan gas turbine engine 164. The gas turbine
engine 164 of FIG. 14 extends along an axial centerline
166 of the gas turbine engine 164 between an upstream
airflow inlet 168 and a downstream airflow exhaust 170,
which axial centerline 166 may be parallel with (e.g., co-
axial with) the axis 22. The gas turbine engine 164 in-
cludes a fan section 172, a compressor section 173, a
combustor section 174 and a turbine section 175.
[0058] The fan section 172 includes a fan rotor 178.
The compressor section 173 includes a compressor rotor
179. The turbine section 175 includes a high pressure
turbine (HPT) rotor 180 and a low pressure turbine (LPT)
rotor 181, where the LPT rotor 181 is configured as a
power turbine rotor. Each of these rotors 178-181 in-
cludes a plurality of rotor blades arranged circumferen-
tially around and connected to one or more respective
rotor disks. Any one of these rotors 178-181 may be con-
figured as or otherwise include the bladed rotor 20.
[0059] The fanrotor 178 is connected to the LPT rotor
181 through alow speed shaft 184. The compressor rotor
179 is connected to the HPT rotor 180 through a high
speed shaft 186. The low speed shaft 184 extends
through a bore of the high speed shaft 186 between the
fan rotor 178 and the LPT rotor 181.

[0060] During operation, air enters the gas turbine en-
gine 164 through the airflow inlet 168. This air is directed
through the fan section 172 and into a core flowpath 188
and a bypass flowpath 190. The core flowpath 188 ex-
tends sequentially through the engine sections 173-175;
e.g., a core of the gas turbine engine 164. The air within
the core flowpath 188 may be referred to as "core air".
The bypass flowpath 190 extends through a bypass duct,
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which bypasses the engine core. The air within the by-
pass flowpath 190 may be referred to as "bypass air".
[0061] The core air is compressed by the compressor
rotor 179 and directed into a (e.g., annular) combustion
chamber 192 of a (e.g., annular) combustor 194 in the
combustor section 174. Fuel is injected into the combus-
tion chamber 192 via one or more of the fuel injectors
196 and mixed with the compressed core air to provide
afuel-air mixture. This fuel-air mixture is ignited and com-
bustion products thereof flow through and sequentially
cause the HPT rotor 180 and the LPT rotor 181 to rotate.
The rotation of the HPT rotor 180 drives rotation of the
compressor rotor 179 and, thus, compression of air re-
ceived from an inlet into the core flowpath 188. The ro-
tation of the LPT rotor 181 drives rotation of the fan rotor
178, which propels bypass air through and out of the
bypass flowpath 190. The propulsion of the bypass air
may account for a significant portion (e.g., a majority) of
thrust generated by the turbine engine.

[0062] The bladed rotor 20 may be configured with var-
ious gas turbine engines other than the one described
above. The bladed rotor 20, for example, may be config-
ured with a geared gas turbine engine where a geartrain
connects one or more shafts to one or more rotors in a
fan section, a compressor section and/or any other en-
gine section. Alternatively, the bladed rotor 20 may be
configured with a gas turbine engine configured without
a geartrain. The bladed rotor 20 may be configured with
a geared or non-geared gas turbine engine configured
with a single spool, with two spools (e.g., see FIG. 14),
or with more than two spools. The gas turbine engine
may be configured as a turbofan engine, a turbojet en-
gine, a turboprop engine, a turboshaft engine, a propfan
engine, a pusher fan engine or any other type of gas
turbine engine. The gas turbine engine may alternatively
be configured as an auxiliary power unit (APU) or an in-
dustrial gas turbine engine. The present disclosure there-
fore is not limited to any particular types or configurations
of gas turbine engines.

[0063] While various embodiments of the present dis-
closure have been described, it will be apparent to those
of ordinary skill in the art that many more embodiments
and implementations are possible within the scope of the
disclosure. For example, the present disclosure as de-
scribed herein includes several aspects and embodi-
ments that include particular features. Although these
features may be described individually, it is within the
scope of the present disclosure that some or all of these
features may be combined with any one of the aspects
and remain within the scope of the disclosure. Accord-
ingly, the present disclosure is not to be restricted except
in light of the attached claims and their equivalents.

Claims

1. A method for assembling a rotor (20) of a gas turbine
engine (164), comprising:
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providing a rotor disk (24) that comprises an axis
(22; 102) and a plurality of slots (60) arranged
circumferentially about the axis (22; 102) in an
array;

providing a plurality of rotor blades (26) that in-
clude a plurality of airfoils (64) and a plurality of
attachments (66), each of the plurality of rotor
blades (26) including a respective one of the plu-
rality of airfoils (64) and a respective one of the
plurality of attachments (66);

inserting each of the plurality of attachments (66)
partially into a respective one of the plurality of
slots (60);

resting the plurality of rotor blades (26) on top
of a blade support structure (106); and
lowering the blade support structure (106) axi-
ally downward along the rotor disk (24) to simul-
taneously seat the plurality of attachments (66)
into the plurality of slots (60).

The method of claim 1, wherein gravity maintains
the plurality of rotor blades (26) resting on top of the
blade support structure (106) as the blade support
structure (106) is lowered axially downward along
the rotor disk (24).

The method of claim 1 or 2, further comprising:

providing a plurality of seal elements (28); and
inserting each of the plurality of seal elements
(28) into a respective cavity (94) formed by and
between a respective circumferentially neigh-
boring pair of the plurality of rotor blades (26).

The method of claim 3, wherein each of the plurality
of seal elements (28) is inserted into the respective
cavity (94) prior to the lowering of the blade support
structure (106), and optionally each of the plurality
of seal elements (28) is inserted into the respective
cavity (94) subsequent to the inserting of each of the
plurality of attachments (66) partially into the respec-
tive one of the plurality of slots (60).

The method of claim 3 or 4, wherein:

the plurality of seal elements (28) comprise a
first seal element (28);

the first seal element (28) includes a base (96)
and a plurality of tabs (98) connected to and pro-
jecting out from the base (96); and

each of the plurality of tabs (98) optionally
projects radially inward from the base (96) to a
distal tab end.

6. The method of claim 5, wherein

the rotor disk (24) further comprises a plurality
of lugs (48);
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10.

1.

12.

each of the plurality of slots (60) is formed by
and between a respective circumferentially
neighboring pair of the plurality of lugs (48);
afirst of the plurality of lugs (48) projects radially
outward to a distal lug end (50) including a first
end surface (52) and a second end surface (54)
recessed radially inward from the first end sur-
face (52); and

subsequent to the plurality of attachments (66)
being simultaneously seated into the plurality of
slots (60), a first of the plurality of tabs (98B,
98C, 98D) is operable to radially engage the first
end surface (52) and a second of the plurality of
tabs (98A, 98C, 98) is operable to radially en-
gage the second end surface (54).

The method of any preceding claim, wherein the plu-
rality of rotor blades (26) are rested on a planar an-
nular surface (138) of the blade support structure
(106).

The method of claim 7, wherein

the plurality of rotor blades (26) further include
a plurality of platforms (68), and each of the plu-
rality of rotor blades (26) includes a respective
one of the plurality of platforms (68); and

the resting of the plurality of rotor blades (26)
comprises resting axial edges (160) of the plu-
rality of platforms (68) on top of the planar an-
nular surface (126).

The method of any preceding claim, further compris-
ing rotating the blade support structure (106) about
the axis (22; 102) while the blade support structure
(106) is lowered axially downward along the rotor
disk (24).

The method of any preceding claim, further compris-
ing:

disposing the rotor disk (24) on top of a disk sup-
port structure (104);

the blade supportstructure (106) mated with and
circumscribing the disk support structure (104).

The method of any preceding claim, further compris-
ing:

lifting the rotor (20) off of an assembly fixture
(100);

the rotor (20) including the rotor disk (24) and
the plurality of rotor blades (26); and

the assembily fixture (100) comprising the blade
support structure (106).

The method of any preceding claim, wherein
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the rotor disk (24) comprises a turbine disk of
the gas turbine engine (164); and

the plurality of rotor blades (26) comprise a plu-
rality of turbine blades of the gas turbine engine
(164).

13. A method for assembling a rotor (20) of a gas turbine
engine (164), comprising:

providing a rotor disk (24), a plurality of rotor
blades (26) and a plurality of seal elements (28),
the rotor disk (24) comprising an axis (22; 102)
and a plurality of slots (60) arranged circumfer-
entially about the axis (22; 102) in an array, the
plurality of rotor blades (26) including a plurality
of airfoils (64) and a plurality of attachments (66),
and each of the plurality of rotor blades (26) in-
cluding a respective one of the plurality of airfoils
(64) and a respective one of the plurality of at-
tachments (66);

inserting each of the plurality of attachments (66)
partially into a respective one of the plurality of
slots (60);

arranging each of the plurality of seal elements
(28) between a respective circumferentially
neighboring pair of the plurality of rotor blades
(26); and

simultaneously seating the plurality of attach-
ments (66) into the plurality of slots (60) using a
force of gravity alone to push the plurality of at-
tachments (66) into the plurality of slots (60),
optionally wherein:

the plurality of rotor blades (26) further in-
clude a plurality of platforms (68), and each
of the plurality of rotor blades (26) further
includes a respective one of the plurality of
platforms (68); and

axial edges (160) of the plurality of platforms
(68) define a reference plane while the plu-
rality of attachments (66) are seated into the
plurality of slots (60),

and wherein the method optionally further
comprises resting the axial edges (160) of
the plurality of platforms (68) on top of a
planar annular surface (126) of a blade sup-
portstructure (106) as the plurality of attach-
ments (66) are seated into the plurality of
slots (60).

14. A fixture (100) for assembling a rotor (20) of a gas
turbine engine (164), comprising:

a disk support structure (104) configured to sup-
port a rotor disk (24) of the rotor (20) during as-
sembly of the rotor (20), the disk support struc-
ture (104) including a base (114), aradial locator
(116) and an axial locator (118) circumscribing

10

15

20

25

30

35

40

45

50

55

16

the radial locator (116), the radial locator (116)
projecting axially along an axis (22; 102) out
from afirst side (122) of the base (114), the radial
locator (116) configured to radially locate and
engage the rotor disk (24) on the disk support
structure (104), the axial locator (118) projecting
axially along the axis (22; 102) out from the first
side (122) ofthe base (114), and the axial locator
(118) configured to axially locate and engage
the rotor disk (24) on the disk support structure
(104); and

a blade support structure (106) configured to
supporta plurality of rotor blades (26) of the rotor
(20) during the assembly of the rotor (20), the
blade support structure (106) circumscribing
and slidable against an outer periphery of the
disk support structure (104), the blade support
structure (106) extending axially along the axis
(22; 102) to a planar annular surface (138) con-
figured to axially locate and engage the plurality
of rotor blades (26) while attachments (66) of
the plurality of rotor blades (26) are seated in
slots (60) in the rotor disk (24),

optionally wherein the fixture (100) further com-
prises a lock (158) configured to rotatably fix the
blade support structure (106) to the disk support
structure (104).

15. The fixture (100) of claim 14, further comprising:

a guide (156) connected to the disk support
structure (104) and projecting radially into a slot
(148) in the blade support structure (106);

the slot (148) extending within the blade support
structure (106) along a longitudinal trajectory
(150);

a first section (152) of the longitudinal trajectory
(150) having an axial component and a circum-
ferential component; and

a second section (154) of the longitudinal trajec-
tory (150) having a circumferential component.
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